Degradability characteristics of dry matter (DM), protein free DM (PFDM) and nitrogen (N) were estimated in maize stover, rice straw and their botanical fractions using the nylon bag technique. True intestinal digestibility of the intact feed protein (TID) was also estimated using the mobile bag technique. The results indicated that cereal straws and their botanical fractions have substantial variation in the extent and rate at which DM, PFDM and N were degraded in the rumen. The protein values of Total amino acid absorbed from the small intestine (AAT) , Protein balance in the rumen (PB) and TID ranged from 49 to 81 g kg -1 DM, in PBV from -89 to -61 g kg -1 DM and TID of 34 to 69 percent DM in both straws and their botanical fractions. The predicted dry matter intake (DMI) value for whole maize stover was slightly higher (5.2 kg DM d -1 ) than whole rice straw (4.9 kg DM d -1 ). High variations (4.5 to 6.1 kg DM d -1 for maize stover and 4.5 to 5.7 kg DM d -1 for rice straw) were observed within the two cereal straw botanical fractions. It was concluded that the two cereal straws are of very low feeding value and to increase their production potential improvement method strategies like chemical treatment and/or supplementation are inevitable.
INTRODUCTION
Various methods have been advocated for evaluating tropical feedstuffs (Preston, 1995) . Incubation of test feeds in nylon bags in the rumen of fistulated animals have been used to evaluate not only the extent, but also the rate at which feed fractions are degraded in the rumen (Kimambo et al., 1994; Shem et al., 1995) . Also the mobile bag technique has been used to measure intestinal digestibility of undegraded dietary protein (Mgheni et al., 1994) and intact feed protein (Kimambo et al., 1994) . Similar evaluation methods have been used by other workers elsewhere for nylon bag technique (Weisbjerg et al., 1990; Stensig et al.,1994) and for mobile bag technique (Hvelplund et al., 1992) . The results have been used not only to rank feedstuffs into their potential feeding value but also to develop models that have been used to predict how much the animal can eat (Ørskov et al., 1988; Kimambo et al., 1994; Madsen et al., 1994; Shem et al., 1995) . The authors concluded that the nylon bag technique, is a powerful tool that can be used to evaluate the potential feeding value of tropical forages. The technique has been the basis of the AAT-PBV protein evaluation system (Madsen et al., 1995) and "Fill" values based on rumen pool size of DM and NDF . The parameters have been used with acceptable precision to predict voluntary feed intake of DM and NDF. This is an added information about the feeding value of the feed that gives approximately how much the animal can eat assuming physical limitation of intake. Considering the importance of cereal crop residues being among the major animal feeds available in the tropics for ruminant animals during the dry season, the information can be used for proper planning and feeding strategies. An experiment was therefore conducted to evaluate the feeding value of maize stover and rice straw and their botanical fractions using these different evaluation methods.
MATERIALS AND METHODS

Animals, feeds and feeding
Three rumen fistulated dry Friesian cows fed 5.4 kg DM of good quality hay (156 g crude protein (CP) kg -1 DM) plus 2.6 kg DM concentrate (184 g CP kg -1 DM) per cow per day D. M. MGHENI were used. Minerals and vitamins were provided sufficiently for microbial activity (ARC, 1990) . The animals were fed twice per day at 0900 and 1600 h and had free access to water.
Maize stover from maize crop var. STAHA was collected from the field on the same day the crop was being harvested. Samples of maize stover were separated into their different botanical fractions viz: leaves, leaf sheaths, husks, stems and panicles. Rice straw var. SUPA was collected also from the field within one week after rice grain was harvested. The straw was separated into different botanical fractions, viz: leaves, leaf sheaths, stems and panicles. All samples were air dried at room temperatures and ground to pass through a 2.5mm sieve, packed into labelled nylon bags and air-freighted to Denmark (Danish Institute of Agriculture Sciences) where the experiment was conducted.
Rumen degradability
Rumen degradability of dry matter (DM), protein free dry matter (PFDM) and nitrogen (N) were determined using the nylon bag technique in similar procedure described by Mgheni et al. (1996) . Incubation time intervals used were 0, 8, 16, 24, 48, 96, 144, and 192 h. Samples were treated in a stomacher (Model 400 Lab Blender) before analysis to remove microbial contamination. True intestinal digestibility of the intact feed protein was determined by the mobile bag technique according to the methods described by Hvelplund et al. (1992) .
Chemical analysis
Dry matter (DM), ash and N contents were determined according to the procedure outlined by AOAC (1991). The neutral detergent fibre (NDF), acid detergent fibre (ADF), acid detergent lignin (ADL) and acid insoluble ash (AIA) in the straws were determined according to the procedures outlined by Goering and Van Soest (1970) . The water insoluble ash (WIA) in all samples was determined according to the procedure described by Mgheni et al. (1996) .
Calculations
Description of the degradation profile
The degradation profile of protein for each forage was described using the mathematical model of Ørskov and McDonald (1979) with lag time as suggested by Dhanoa (1988) : p = a + b (1 -e -c(t-to) ) for t >t o …………………..(Model 1) where, p = degraded fraction at time t a = water soluble fraction b = insoluble, potentially degradable fraction
The data were analysed using the SAS program PROC NLIN (SAS 1990) for estimation of degradation constants. Parameters of Model (1) were bound only to accept t o ≥ 0
Digestible carbohydrate (DCHO), actual intestinal digestibility of intact feed protein, and effective degradability
The digestible carbohydrate (DCHO), the actual intestinal digestibility of intact feed protein (TID), effective degradability (ED) of DM, PFDM and N were estimated using equations described by Mgheni et al. (1996) .
Estimated AAT-PBV values and true digestibility of protein (TID)
AAT-PBV values were calculated according to the equations of Madsen et al. (1995) for protein evaluation system. The TID was calculated using the equation given by Hvelplund et al. (1992) .
Estimation of rumen physical fill -Fill (day)
Assuming that a feedstuff will remain in the rumen until it is either degraded or has passed out of the rumen, the physical fill -Fill (day) of a given feedstuff fraction in the rumen can be calculated according to Madsen et al. (1994) and lag time included as:
where a, b and c are parameters from Model 1, t o is the lag time (h) and k is outflow rate (h -1 ).
Prediction of intake
Predicted intake was calculated assuming a rumen capacity (rumen pool) of 7 kg total DM measured in mature nonpregnant Holstein Friesian X Boran heifers weighing on average 270 kg live body weight (Mgheni et al., 1996) . Assuming 1.5 kg DM to be microbial matter, gives 5.5 kg DM microbial free DM rumen capacity. The potential intake (kg DM d -1 ) of the cereal straws and their botanical fractions can be estimated assuming a physical limitation of the reticulo-rumen capacity according to Madsen et al. (1994) as:
Rumen capacity (kg DM) DMI (kg DM d -1 ) = ____________________ Fill (day) ……….. (Model 3)
RESULTS
Chemical composition
Chemical composition of maize stover and rice straw and their botanical fractions are shown in Table 1 . The N content (g kg -1 DM) in maize stover ranged from 3.2 (stems) to 9.1 (panicles) and from 3.5 to 5.7 for rice straw stems and leaves respectively. The NDF, ADF and ADL (g kg -1 DM) respectively, were higher in whole maize stover (746.5; 492.8; 68.6) than whole rice straw (635.7; 421.1; 46.3). Their botanical fractions were not analysed because the samples taken to Denmark were exhausted. The HCL fat content (g kg -1 DM) in maize stover ranged from 13.7 (husks) to 24.8 (leaves) and from 10.8 to 19.9 in rice straw stems and leaves respectively. Total ash content in rice straw and its botanical fractions were higher than that of maize stover and its botanical fractions. 
Rumen degradation characteristics
The estimated degradation characteristics for maize stover, rice straw and their botanical fractions are given in Table 2 . Values for soluble fraction (a) for DM and PFDM for whole rice straw and stems were higher compared to other botanical fractions and whole maize stover and its botanical fractions. Soluble fraction (a) for N were more or less similar except for maize stover panicles that showed the highest value. More or less similar values were observed in both whole cereal straws. The insoluble, but potentially degradable fraction (b) for DM and PFDM were more or less similar while that for N were lower than that of DM and PFDM. The rate constants (c) were very low in both fractions. The degradability characteristics for DM, PFDM and N were not estimated in rice straw panicles, as Model (1) failed to handle the data even when lag time was included as suggested by Dhanoa (1988) as the PROC NLIN failed to converge. The N degradability values for rice straw panicles were 23. 5, 33.8, 29.9, 31.3, 21.2, 34.3, 43.4 and 48.8 % DM for 0, 8, 16, 24, 24, 48, 96, 144 and 192 h respectively. The values were therefore omitted in this study for further calculations. Effective degradability (ED) for DM, PFDM and N for maize stover, rice straw and their botanical fractions are given in Table 3 . The ED for DM, PFDM and N decreased with increasing outflow rates.
True intestinal digestibility (TDI), total amino acid absorbed from the small intestine (AAT) and protein balance in the rumen (PBV)
True intestinal digestibility of intact feed protein (TID) of maize stover, rice straw and their botanical fractions are shown in Table 4 . The TID was higher in rice straw and its botanical fractions than in maize stover except for maize stover panicles. The calculated digestible carbohydrate (DCHO), AAT and PBV values are also given in Table 4 .
The DCHO values were more or less similar in maize stover and rice straw and their botanical fractions except for maize stover stems, which had the lowest value. The AAT had more or less similar values in both straws and their botanical fractions. The PBV was negative for both straws and their botanical fractions.
Calculated Fill (day) and predicted dry matter intake (DMI)
Fill (day) values calculated using Model (6) , predicted DMI (PDMI) in kg DM d -1 calculated using Model (7) and expressed as percentage of live body weight are given in Table 5 . As expected maize stover stems had the highest Fill value compared to maize stover leaves, which had the lowest value. This is contrary to rice straw where stems Table 3 . Effective degradability (ED) of dry matter (DM), protein free dry matter (PFDM) and nitrogen (N) for maize stover and rice straw and their botanical fractions ‡ PROC NLIN failed to converge. (Madsen et al., 1995) as given in Model (3). 2 Estimated using the AAT-PBV protein evaluation system (Madsen et al. 1995) as given in Model (4) and (5). had the lowest Fill value compared to the rest of its botanical fractions. The PDMI expressed as a percentage of live body weight is lower than the conventional 3.5 percent. There was no marked difference in PDMI between maize stover and rice straw and their botanical fractions although maize stover leaves showed the highest PDMI and rice leaf sheaths the lowest PDMI.
DISCUSSION
Chemical constituents of the two tropical cereal straws are in agreement with those reported for rice straw and their botanical fractions (Bainton et al., 1991) ; maize husks and maize stover whole (Kimambo et al., 1994) . As expected, total ash content in rice straw and its botanical fractions were higher than that of maize stover and its botanical fractions due to high silica content in the later. Similar trend was observed for water insoluble ash (WIA) and acid insoluble ash (AIA).
The N content for both cereal straws was found to be very low. Such low values of N are known to depress DM and N degradability and result in low intake in rice straw (Djajanegara and Doyle, 1989; Shem et al., 1995) . Djajanegara and Doyle (1989) indicated that low levels of N decrease microbial activities and that intake of roughages is limited when N content is <10 g kg -1 DM. Also the high NDF, ADF and ADL values (Table 1) in these cereal straws may result into low intake.
The low water soluble fraction (a), high insoluble but potentially degradable fraction (b) and low rate of degradation (c) for DM, PFDM and N ( Table 2) for these cereal straws suggest that they will have a high Fill value and thus low intake (Table 5 ). This is in agreement with other findings by Kimambo et al., (1994) who reported low feeding value of tropical roughages. High potential degradable fraction, b (Table 2) for DM, PFDM and N may suggest that proper supplementation may increase potential rumen degradability. Dhanoa (1988) suggested that when dealing with low degradable feeds and in the presence of large lag times (Table 2) one should remember to take samples over a longer period of incubation time above 72 h or higher depending on the feed sample. This is to make sure that the asymptote is reasonably defined otherwise fitting of Model (1) may not be possible. Although long incubation time was used in this study (192 h) , Model (1) could not handle the data for N for rice straw panicles (Table 2 ) and therefore its values were removed when the effective degradability and Fill values were calculated. This can be explained by too long lag time (Table 2 ) and low degradation for N for these feedstuffs. This may suggest that it is useless to analyse for N D. M. MGHENI (especially degradation constants) in such feedstuffs and their N values should therefore be considered as negligible or close to zero.
The decreased ED with increasing outflow rate ( Table 3) clearly demonstrates that actual value of outflow rate is necessary for proper estimate of ED. Intestinal digestibility of the intact feed protein estimated by the mobile bag technique was generally very low (Table 4 ). This was also reported by Kimambo et al. (1994) for tropical feeds. The results suggest that utilisation of tropical dietary protein is only possible through an increased degradation in the rumen and the conversion of this degraded protein into microbial protein. Intestinal digestibility of the undegraded dietary protein is of great importance for estimating the protein value of feeds (Hvelplund et al., 1992 and Mgheni et al., 1994) . This implies that the value of the undegraded feed protein of these straws is almost negligible and that is due to high cell wall content (Kimambo et al., 1994) that normally binds this feed fraction. As suggested by the AAT/PBV protein evaluation system (Madsen et al., 1995) the digestibility of undegraded protein in straw should be assumed to be equal to zero. Bainton et al. (1991) reported variation in the nutritive value of straw species, between varieties and also between their botanical fractions in rice straws. Walli et al. (1988) found that in rice straw varieties the leaf fraction was slightly less digestible than the stems. This may suggest that if generous feeding is advocated the animals will not be able to differentiate the more digestible fraction in rice straw. The general trend found in this study is that these cereal straws are low in N (Table 1) , negative PBV, low AAT values (Table 4 ) and low digestibility ( Table 2 and 3) resulting into low predicted DMI (Table 5 ). This may suggest that in order to increase their production potential, strategies like chemical treatment and/or supplementation and probably be generous feeding are inevitable.
The predicted DMI (Table 5 ) varied between the two cereal straws and within their botanical fractions. This variation is due to differences in chemical composition (Table 1) and degradation constants ( Table 2) . The results are, however, in close agreement with those reported by Kimambo et al. (1994) using similar models. Precision of using degradation characteristics to predict DMI has been tested for tropical feedstuffs in cattle with high r = 0.90 and 0.93 for DMI and digestible DMI respectively (Shem et al., 1995) . Similar work has earlier been reported by Ørskov et al. (1988) based on degradation characteristics and intake studies of different varieties of straws by cattle with a precision of r = 0.88.
Predicted DMI especially, may tempt one to suggest that if animals are fed generously (>3x ad libitum) animals may be able to select the most nutritious part of the straw (e.g. maize stover leaves and rice straw stems) and achieve reasonable production potential. However, the animal may not differentiate between stems and leaves of rice straw. Also problem will arise on the economies of collection of enormous amounts of these straws and how to dispose the huge amount of left over by the animals. This is an area that needs further study.
CONCLUSION
It was concluded that the feeding value (in terms of chemical composition, rumen digestibility and PDMI) maize stover, rice straw and their botanical fractions were found to be very low. The N was lower (4.9 g kg -1 for whole rice straw and 5.3 g kg -1 for whole maize stover) than the recommended value (7.0 g kg -1 ) below which intake is depressed. Some of their botanical fractions were found to be of better nutritive value (e.g. N = 9.1 and 7.5 g kg -1 and 5.6 and 5.7 g kg -1 for both maize stover and rice straw panicles and leaves respectively) than whole plants. As for other botanical fractions their N values were so low that for most practical purposes their N values can be negligible or assumed to be zero. It can further be concluded that due to low N, rumen digestibility and thus high "Fill values" resulted in PDMI lower than that, which can support animal production.
